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Abstract
Background: Patients with cystic fibrosis (CF) have frequent infectious complications requiring nephrotoxic medications, 
necessitating monitoring of renal function. Although adult studies have suggested that cystatin C (CysC)-based estimated 
glomerular filtration rate (eGFR) may be preferable due to reduced muscle mass of patients with CF, pediatric patients 
remain understudied.
Objective: Our objective was to determine which eGFR formula is best for estimating glomerular filtration rate (GFR) in 
pediatric patients with CF.
Methods: A total of 17 patients with CF treated with nephrotoxic antibiotics were recruited from the Children’s Hospital 
at London Health Sciences Centre, London, Ontario, Canada. 99Tc DTPA GFR (measured GFR [mGFR]) was measured with 
4-point measurements starting at 120 minutes using a 2-compartmental model with Brøchner-Mortensen correction, with 
simultaneous measurement of creatinine, urea, and CysC. The eGFR was calculated using 16 known equations based on 
creatinine, urea, CysC, or combinations of these. Primary outcome measures were correlation with mGFR, and agreement 
within 10% for various eGFR equations.
Results: Mean mGFR was 136 ± 21 mL/min/1.73 m2. Mean creatinine, CysC, and urea were 38 ± 10 μmol/L, 0.72 ± 0.08 
mg/L, and 3.9 ± 1.4 mmol/L, respectively. The 2014 Grubb CysC eGFR had the best correlation coefficient (r = 0.75, P = 
.0004); however, only 35% were within 10%. The new Schwartz formula with creatinine and urea had the best agreement 
within 10%, but a relatively low correlation coefficient (r = 0.63, P = .0065, 64% within 10%).
Conclusions: Our study suggests that none of the eGFR formulae work well in this small cohort of pediatric patients with 
CF with preserved body composition, possibly due to inflammation causing false elevations of CysC. Based on the small 
numbers, we cannot conclude which eGFR formula is best.

Abrégé 
Contexte: Les complications infectieuses nécessitant un traitement néphrotoxique sont fréquentes chez les patients atteints 
de fibrose kystique (FK), ce qui exige une surveillance de leur fonction rénale. Quoique des études chez l’adulte suggèrent 
qu’en raison de la réduction de la masse musculaire, la mesure du DFGe basée sur la cystatine C (Cys-C) serait la méthode 
à privilégier, les patients pédiatriques demeurent sous-étudiés.
Objectif: Déterminer la meilleure formule de calcul pour estimer le DFG chez les enfants atteints de FK.
Méthodologie: Au total, 17 patients atteints de FK et traités avec des antibiotiques néphrotoxiques ont été recrutés à 
l’hôpital pour enfants du London Health Sciences Centre de London (Ontario, Canada). Le DFG mesuré par 99Tc DTPA 
(mDFG) a été mesuré en quatre points à partir de 120 minutes avec un modèle à deux compartiments, en appliquant la 
correction de Brøchner-Mortenson. Les taux de créatinine, d’urée et de CysC ont été mesurés simultanément. Le DFGe 
a été calculé à l’aide de 16 équations connues basées sur la créatinine, l’urée et la Cys-C, ou sur une combinaison de ces 
éléments. Les principales mesures de résultats étaient une corrélation avec le mDFG et une concordance à l’intérieur de 10 
% avec les valeurs de plusieurs équations de DFGe.
Résultats: Le mDFG moyen s’établissait à 136 ±2 ml/min/1,73 m2. Les taux moyens de créatinine, de Cys-C et d’urée 
étaient respectivement de 38 ±10 umol/L, 0,72 ±0,08 mg/L et 3,9 ±1,4 mmol/L. Le DFG obtenu par l’équation de Grubb 
2014 avec la CysC présentait le meilleur coefficient de corrélation (r=0,75, p=0,0004), mais seulement 35 % des valeurs 
avaient une concordance à l’intérieur des 10 %. La nouvelle formule de Schwartz avec la créatinine et l’urée a obtenu le 
pourcentage le plus élevé de concordance à l’intérieur des 10 %, mais son coefficient de corrélation était relativement faible 
(r=0,63, p=0,0065, 64% des valeurs à l’intérieur des 10%).
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Conclusion: Ces résultats suggèrent qu’aucune des formules de calcul du DFGe testées n’a bien fonctionné dans notre 
cohorte d’enfants atteints de FK avec une constitution physique préservée, possiblement en raison d’une inflammation 
provoquant une élévation du taux de Cys-C. Compte tenu de ces résultats, nous ne pouvons déterminer laquelle parmi ces 
formules de DFGe est la meilleure.
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What was known before

Cystatin C is a marker of glomerular filtration rate that is 
independent of muscle mass. It has been shown for patients 
with diseases such as spina bifida and muscular dystrophy to 
be a superior marker for the estimation of glomerular filtra-
tion rate (eGFR). Patients with cystic fibrosis often have 
wasting disease and reduced muscle mass.

What this adds

In this analysis with carefully conducted gold standard mea-
surements of glomerular filtration rate, creatinine or cystatin 
C or a combination thereof was not able to estimate GFR reli-
ably in this patient cohort of mostly pediatric patients with 
cystatin C, likely due to a combination of inflammation and 
other factors. The study suggests that in some special patient 
populations such as patients with cystic fibrosis, glomerular 
filtration rate should be measured rather than estimated.

Background

Patients with cystic fibrosis (CF) have infectious complica-
tions that frequently require nephrotoxic medications, partic-
ularly aminoglycosides. After lung transplantation, there is a 
very high prevalence of chronic kidney disease (CKD) in 
these patients.1,2 The prevalence of CKD after lung transplan-
tation may be particularly high due to the additional nephro-
toxicity of calcineurin inhibitors.3 Therefore, it is of paramount 
importance to measure kidney function in these patients for 
appropriate dosing of aminoglycosides and other medica-
tions. In adults with CF, the use of serum creatinine–based 
estimation of glomerular filtration rate (eGFR) has been 

questioned.3 Several studies suggest that cystatin C (CysC) 
may be a superior marker of kidney function in adult patients 
with CF, as these patients often have wasting disease and 
abnormal muscle mass.4-6 In children, however, the use of 
CysC-based eGFR has not been well studied. In 1 small study 
of 11 teenage patients with CF, there was a low prevalence of 
elevated CysC.7 Studies comparing CysC-based eGFR with 
gold standard GFR measurements in these patients are scant. 
Moreover, the body composition of pediatric patients with CF 
may not be as severely affected compared with the adult pop-
ulation, as demonstrated by recent work suggesting that pedi-
atric patients with CF have relatively normal body mass index 
(BMI) z scores.8 This difference in body composition between 
pediatric and adult patients with CF may affect the relative 
use of different biomarkers in estimating GFR. There is grow-
ing evidence that specific populations require disease-specific 
eGFR approaches;9 however, the best approach for the esti-
mation of GFR in pediatric patients with CF has not been 
determined. We are only aware of 1 study that evaluated 53 
patients (adult and pediatric) where CysC, creatinine, and 
tobramycin clearance were compared against 99TcDTPA 
clearance, which left us without a clear answer as all methods 
showed considerable variation on Bland and Altman analysis 
and also suggested that CysC would not be useful.10 We there-
fore embarked on a cross-sectional study of pediatric and 
young adult patients with CF who received multiple courses 
of nephrotoxic medications, with the intent to compare a wide 
variety of existing pediatric eGFR formulae using urea, cre-
atinine, and CysC as biomarkers of GFR. We hypothesized 
that the importance of CysC would be much less in pediatric 
patients with CF with well-preserved body composition, as 
compared to adult patients with CF with more advanced wast-
ing disease.

mailto:guido.filler@lhsc.on.ca
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Methods

Study Design

This cross-sectional cohort study adhered to the Declaration of 
Helsinki and was approved by The Research Ethics Board of 
the University of Western Ontario (REB 100967). Patients 
were recruited from February 2012 to October 2015. The pri-
mary purpose of the study was to determine which known 
eGFR formula would work best for pediatric patients with CF.

Setting

Patients were recruited from the University of Western 
Ontario’s affiliated London Health Sciences Centre, a ter-
tiary care hospital serving a catchment area of 2.6 million 
population in South Western and Northern Ontario, Canada, 
with a child and youth population of 629 000.

Participants

Patients with CF who received nephrotoxic medication such 
as aminoglycosides for serious infections were eligible for 
inclusion in this study. See Figure 1 for inclusion and exclu-
sion criteria. Eighty-one patients were screened, and 21% 
were eligible. Consistent with the well-published data on the 
ethnic background of most patients with CF, our study popu-
lation was predominantly white.

Methods

Patients underwent a 99mTc DTPA GFR scan with a 4-point 
sampling approach 30 minutes apart starting at 120 minutes 
after injection according to Russell.11 To accommodate the 
use of a 1-compartmental model with the possibility of 
slow phase of plasma clearance, we used the Brøchner-
Mortensen correction.12 To ensure the reliability of 99mTc 

Figure 1.  Flow chart of patient recruitment and study participation.
Note. CF = cystic fibrosis; LHSC = London Health Sciences Centre; GFR = glomerular filtration rate.
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DTPA measurements, standard radiochemical and radio-
pharmaceutical purity tests were performed on each prepa-
ration of 99mTc DTPA. The average purity, obtained from 
our radiopharmacy laboratory, was approximately 99%. 
The 99mTc DTPA has been shown to have a good agreement 
with inulin and iothalamate clearance.13

Variables

The primary outcome was correlation between measured GFR 
(mGFR) and estimated GFR using CysC or creatinine or any 
combination of CysC, IDMS traceable creatinine, or urea. 
CysC was measured using a turbidimetric assay against inter-
national certified reference materials14 on a Roche multiana-
lyzer.15 Serum creatinine was IDMS traceable since 2008.16 
Blood urea was measured using an enzymatic photometric 

assay with a lower level of detection of 0.9 mmol/L. 
Microalbuminuria was measured using a turbidimetric assay 
with a lower detection limit of 3 mg/L on a Roche multiana-
lyzer. The eGFR was calculated using the previously pub-
lished Bökenkamp et al,17 Bouvet et al,18 CKiD,19 Filler and 
Lepage,20 Grubb et al,21 new Grubb et al22 with certified refer-
ence materials, the new Schwartz et al,23 and Zappitelli et al24 
equations. The published equations are shown in Table 1.

Standard, not high-sensitivity, C-reactive protein (CRP) 
was measured using an immunoturbidimetric assay. All mea-
surements were performed in the laboratories of London 
Health Sciences Centre.

Standard anthropometry was performed using high-preci-
sion scales and stadiometers in the outpatient clinic. Body 
surface area was calculated using the Mosteller25 formula. 
The BMI z scores were calculated using the World Health 

Table 1.  GFR Equations Used in the Study.

Equation name Equation

Equations with serum CysC and without serum creatinine or urea
  Bökenkamp et al17 GFR (mL/min/1.73 m2) = 137/serum CysC – 20.4
  Filler and Lepage20 GFR (mL/min/1.73 m2) = 10(1.962 + (1.123 × LOG (1/serum CysC))

  Grubb et al21 GFR (mL/min/1.73 m2) = 84.69 × serum CysC−1.68 × 1.384 for age <14 y
  Zappitelli et al24 (Cys) GFR (mL/min/1.73 m2) = 75.94 / [serum CysC1.17] if renal  

transplant, × 1.2
  Schwartz et al23 improved 2012 (Cys only) GFR (mL/min/1.73 m2) = (40.9 ± 0.3) × [1.8/CysC (mg/L)](0.931 ± 0.020)

  Grubb et al22 standardized material 2014 GFR (mL/min/1.73 m2) = 130 × CysC−1.069 × age[years]0.117 – 7
Equations with serum creatinine and without serum CysC or urea
  Schwartz et al23 improved 2012 (Cr only) GFR (mL/min/1.73 m2) = (42.3 ± 0.3) × ((height (m) /  

Scr (mg/dL)))(0.780 ± 0.016)

Equations with serum urea and without serum CysC or creatinine
  Schwartz et al23 improved 2012 (urea only) GFR (mL/min/1.73 m2) = (41.0 ± 0.5) × [30/BUN (mg/dL)](0.613 ± 0.024)

Equations with serum CysC and serum creatinine
  Bouvet et al18 [(SCr (μM) / 96)−0.35 (±0.20)] × [(cysC (mg/L) / 1.2−0.56 (±0.19)] ×  

[(body weight (kg) / 45)0.30 (±0.17)] × [age (years) / 14)0.40 (±0.16)]
  Schwartz et al23 improved 2012 (Cys + Cr) GFR (mL/min/1.73 m2) = (41.6 ± 0.3) × ((height (m) /  

Scr (mg/dL)))(0.443 ± 0.026) × [1.8 / CysC (mg/L)](0.479 ± 0.031)

  Zappitelli et al24 (Cys + Cr) GFR (mL/min/1.73 m2) = (507.76 × e0.003 × height) / (CysC0.635 ×  
SCr0.547 [µmol/L])

If renal transplant, ×1.165
If spina bifida, ×(SCr0.925 [µmol/L]) / 40.45

Equations with serum creatinine and serum urea
  Schwartz et al23 improved 2012 (Cr + urea) GFR (mL/min/1.73 m2) = (41.9 ± 0.3) × ((height (m) /  

Scr (mg/dL)))(0.662 ± 0.021) × [30 / BUN (mg/dL)](0.171 ± 0.021)

Equations with serum CysC and serum urea
  Schwartz et al23 improved 2012 (CysC + urea) GFR (mL/min/1.73 m2) = (40.8 ± 0.3) × [1.8 /  

CysC (mg/L)](0.796 ± 0.027) × [30 / BUN (mg/dL)](0.157 ± 0.022)

Equations with serum CysC, serum creatinine, and serum urea
  Schwartz et al23 improved 2012 (Cr + CysC + urea) GFR (mL/min/1.73 m2) = (41.5 ± 0.3) × ((height (m) / Scr (mg/dL)))(0.417 ± 0.026) 

× [1.8 / CysC (mg/L)](0.431 ± 0.032) × [30 / BUN (mg/dL)](0.088 ± 0.019)

  Schwartz et al23 improved 2012 (Final) GFR (mL/min/1.73 m2) = (39.8 ± 0.4) × ((height (m) / Scr (mg/dL)))(0.456 ± 0.026) 
× [1.8 / CysC (mg/L)](0.418 ± 0.031) × [30 / BUN (mg/dL)](0.079 ± 0.018) [(1.076 ± 
0.013)male] [height / 1.4](0.179 ± 0.032)

Note. GFR = glomerular filtration rate; CysC = cystatin C; Cr =creatinine; SCr = serum creatinine; BUN = blood urea nitrogen.
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Organization (WHO) reference intervals.26 Skin folds were 
measured using age-appropriate calipers. Skin fold z scores 
were calculated using Centers for Disease Control and 
Prevention (CDC) reference intervals.27 Data were entered 
into an Excel spread sheet (Excel for Mac 2011, version 
14.4.4.) and stored on a secure hospital drive.

Statistical Methods

Data analysis was performed using GraphPad Prism 5 for 
Mac OS X (GraphPad Inc, San Diego, California, version 
5.0f). Data were analyzed for normal distribution using the 
D’Agostino-Pearson omnibus normality test. Correlation 
coefficients were calculated using appropriate parametric or 
nonparametric tests, mostly using the Pearson correlation 
coefficient for each XY pair (mGFR and eGFR), whereas 
bootstrap was used to construct confidence intervals for 
Pearson correlation coefficient (Table 3). A P value < .05 
was considered significant. Comparison between groups was 
performed using analysis of variance (ANOVA). Given the 
low correlation coefficients, we did not include the analysis 
of bias and agreement using Bland and Altman28 analysis 
other than for the bivariate Schwartz formula which had the 
highest within 10% rate.

Results

Participants

Six of the 17 patients were female. Mean age was 11.5 ± 8.3 
years. Our patients had relatively well-preserved body com-
position with an average BMI z score of −0.01 ± 0.69. The 
average skinfold thickness was 7.3 ± 2.8 mm, producing a z 
score of −1.2 ± 1.2, which was significantly different from 
zero (P = .014, 1-sample t test). The patient characteristics 
are given in Table 2. The median number of nephrotoxic anti-
biotic treatment cycles was 2 (range = 1-7). Mean mGFR 
was 136 ± 21 mL/min/1.73 m2 (range = 96-169 mL/
min/1.73 m2). Of note, no patient had mGFR <90 mL/
min/1.73 m2. Mean creatinine was 38 ± 10 μmol/L, mean 
CysC was 0.72 ± 0.08 mg/L, and mean urea was 3.9 ± 1.4 
mmol/L. Median CRP was 0.8 mg/L (range <0.6-22.9 
mg/L). Not surprisingly, there was no correlation between 
CysC and skinfold z score, body surface area, BMI, height, 
or weight. The mean eGFRs based on all formulae used are 
provided in Table 2.

Regression Analysis

The r values and P values of the linear regression analyses 
for each of the 16 eGFR models are provided in Table 3. 
Statistically significant correlations between the gold stan-
dard GFR measurement and the eGFR using each of the for-
mulae were observed with the new Grubb formula using 
certified reference intervals for CysC, the simple Schwartz 

formula, the univariate new Schwartz formula for creatinine 
only, the bivariate new Schwartz formula for creatinine and 
CysC as well as for creatinine and urea, the multivariate 
Schwartz formula without sex and race and the final new 
Schwartz formula, as well as the bivariate Zappitelli formula 
(Table 3). The best correlation with the gold standard mGFR 
measurement was with the new Grubb formula using certi-
fied reference materials for CysC. The bivariate new 
Schwartz formula using urea and creatinine had the highest 
percentage of values within 10% of the gold standard mGFR 
(64%), but correlation coefficient of below 0.7. For this for-
mula, bias was −12.37 ± 17.16% with a 95% limit of agree-
ment from −46.01% to +21.26%. This was the only equation 
with greater than 60% of values within 10% of the mGFR. 
However, none of the formulae had an r value >0.75, indi-
cating that significant variability was observed, irrespective 
of the biomarker used.

CRP (normal value <5.0 mg/L) was not normally distrib-
uted and ranged from <0.6 to 22.9 mg/L. Median CRP con-
centration was 0.8 mg/L (interquartile range = 0.6-3.1 
mg/L), suggesting that there was a degree of inflammation in 
most patients. While there was a trend for higher CysC con-
centrations with higher CRP values, this did not reach statis-
tical significance (Spearman r = 0.22, P = .11, 1-sided).

Discussion

In this single-center, cross-sectional study of children and 
young adults with CF, we found that our patients had rela-
tively well-preserved body composition, with normal BMI z 

Table 2.  Patient Characteristics.

Parameter Mean SD Minimum Maximum

Gender 6 F, 11 M
Age, years 11.5 8.3 3.0 39.0
Height, cm 136.8 22.8 100.8 176.5
Weight, kg 34.7 15.1 16.4 57.7
Weight z score 0 1.02 −1.78 1.99
BMI, kg/m2 17.5 2.4 13.7 21
BMI z score −0.01 0.69 −1.37 0.83
Skinfold, mm 7.3 2.8 3.8 13
Skinfold z score −1.19 1.16 −2.89 0.53
Upper arm 

circumference, cm
21.1 3.7 16.3 25.5

FVC, L 3.2 1 0.8 4
FEV-1, L 1.7 0.8 0.8 3.1
FEV1/FVC 74.9 11.5 42 92
mGFR, mL/min/1.73 m2 136.0 21.4 95.7 168.7
Creatinine, µmol/L 38 10 24 52
CysC, mg/L 0.72 0.08 0.53 0.87
Urea, mmol/L 3.9 1.4 2.1 6.8

Note. F = female; M = male; BMI = body mass index; FVC = forced 
vital capacity; FEV-1 = forced expiratory volume; mGFR = measured 
glomerular filtration rate; CysC = cystatin C.
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scores, only mildly decreased skinfold z scores, and no CKD. 
Most of the patients had an elevated CRP. The main objec-
tive was to assess the diagnostic performance of the existing 
eGFR formulae. Unfortunately, none of the published formu-
lae showed a good agreement, suggesting that GFR should 
be measured in these patients. These findings are similar to 
those of Soulsby et al.10

The regression analysis of the various eGFR formulae 
with mGFR revealed significant but not strong correlation 
coefficients. The diagnostic performance of CysC-only-
based eGFR methods was less than expected, except for the 
new Grubb formula using certified reference materials which 
had the best correlation coefficient of 0.7477 but relatively 
low accuracy within 10%.22 The new bivariate Schwartz 
et al23 formula using creatinine and urea had the best accu-
racy within 10%, but relatively low correlation coefficient.

The poor diagnostic performance of the CysC-based 
eGFR formulae was surprising. There are several likely rea-
sons for this. First, none of our patients had impaired GFR. 
Studies have shown that eGFR formulae work best in the 
GFR range in which they were derived,29 and all of the exist-
ing eGFR formulae were derived in populations with CKD. 
It has also been shown that the scatter of CysC against the 
mGFR is much tighter when the mGFR is abnormally low as 
compared with patients who hyperfilter or have normal 
GFR.30 Of note, none of our patients had diabetes, which 
could lead to hyperfiltration. Second, our patients had rela-
tively well-preserved body composition, particularly com-
pared with the adult population with CF, which tends to have 
more advanced wasting disease.31 Our study is in agreement 
with a recent study that demonstrated a well-preserved body 
composition in children with CF.8 The significantly better 
diagnostic performance of CysC in adult patients is likely 
due to the low muscle mass of these patients.4,32 Third, there 
was a high prevalence of elevated CRP in our patient cohort. 
It is well established that severe inflammation can lead to an 
increase in CysC, resulting in an underestimation of GFR.33 
Like all proteins, acute phase reactions may increase protein 
production. In our cohort, the correlation between CysC and 
CRP did not reach statistical significance, likely due to the 
small sample size. However, it is possible that the inflamma-
tion in our patient population contributed to the poor perfor-
mance of CysC-based formulae. Taken together, there are 
multiple explanations for the rather disappointing diagnostic 
performance of CysC in this patient cohort.15

Overall, our results demonstrate that none of the eGFR 
formulae worked particularly well in this patient population. 
While the new bivariate Schwartz et al23 formula had the best 
accuracy with 64.7% within 10%, the relatively low correla-
tion coefficient was disappointing. The new Grubb formula 
using certified reference materials had the best correlation 
coefficient of 0.7477; however, only 35.3% were within 
10%. There is growing evidence that combining different 
biomarkers improves the diagnostic performance for the esti-
mation of GFR.23,34,35 Based on the current study, however, 

none of the formulae work well. Given that most patients had 
a normal GFR, these results are not surprising.

Our study has several limitations. Due to the small num-
ber of participants, strategies to reduce bias could not be 
employed. Owing to the strict inclusion criteria, we have a 
small sample size. The lack of patients with impaired GFR 
also forms a limitation, as the results may not be generaliz-
able to a population with impaired GFR. Although 99Tc 
DTPA GFR measurements form a well-established gold stan-
dard method for the measurement of GFR, there is a small 
amount of plasma protein binding with DTPA, which may 
lead to overestimation of GFR.36 However, this should have 
been addressed with the use of the Brøchner-Mortensen and 
Jodal12 correction. Another limitation is the lack of reporting 
of bias and agreement as would be done with Bland-Altman 
plots, but given the poor correlation coefficients, we deter-
mined this analysis to be unnecessary. The well-preserved 
body composition in our patients limits the generalizability 
to patients with wasting disease. A strength of our study was 
the use of a high-precision 4-point mGFR method. Another 
strength of our study was the inclusion of a wide variety of 
available eGFR formulae. It should be noted that the avail-
ability of CysC is quite limited among the Canadian centers, 
and we are unaware of any other center that has a 1-hour 
turnaround time for CysC.15

Conclusions

In conclusion, our study does not support the use of eGFR 
formulae for the estimation of GFR in young patients with CF 
without wasting disease. The role of CysC remains uncertain 
and studies with larger sample size would be needed to defi-
nitely rule out that CysC will likely not be a good biomarker in 
patients with CF. While the correlation coefficient with the 
2014 Grubb formula was best, it had a low percentage within 
10%. The bivariate Schwartz formula from 2012 had the best 
percentage within 10%, but the correlation coefficient was 
much lower than that of the Grubb formula. We conclude that 
GFR should be measured in patients with CF with normal 
body composition. Given the limitations of this study, future 
prospective studies are needed to confirm these findings.
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